This paper is presenting the investigations concerning a new approach in acid soil remediation by deep reshaping the land surface layer, in order to change its agrochemical composition and properties.
-9 -Gheorghe Dobra, Laurentiu Filipescu… Bauxite Residue Safety Disposal and Possibilities to Further Utilization… In this paper there are reported the data of a full experiment carried out at glasshouse scale with the maize plants growth on a well balanced formulation of deep reshaped soil, containing mixtures between acid soil, bauxite residue, natural compost carrying organic fertilizers and organic carbon and mineral fertilizers carrying total soluble nitrogen, phosphorus and potassium.
Experimental part

Methods and analyses
All the chemical and mineralogical analyses were made according to the ISO standards and Romanian standards issued after 2006 or Romanian harmonized standards and technical specifications recognized in UE. The other methods applied for measuring composition and properties of the bauxite residue, of the soil before and after remediation, of the organic compost and mineral fertilizers and of the other connected products have been chosen from the recommended literature in the field of chemistry and chemical engineering. Because of diversity and number of these methods, they will be described or nominated as providing source, together with the experimental data presentation. and heavy metal content and respectively, for assessment of the acute toxicity/irritation. All the data concerning this particular type of bauxite residue, representing 10% of the entire stockpiled material, were presented in the papers [1, 12] . The second type of sampled bauxite residue, representing 90% of the entire stockpiled material, was used for studies on the deep changing of bauxite residue chemical properties and evaluation of the minimal required treatments for using it as remediation adjuvant for acid soils or for converting the bauxite residue into commercial products. The results of the previous researches carried out with this type of material have been published in the papers [7] [8] [9] [10] [11] .
Materials
In the Tables 1-8 there are given all the data about the bauxite residue composition and its particular features, identified as main indicators in reshaping bauxite residue as a remediant in acid soil rehabilitation. The bauxite residue particle size distribution (Table 1) is well fitted for the mixing, firstly with any acid soil, and secondly with other components (organic composts and mineral ferilizers), required for a proper reshaping of its properties at any stage of the remediation process.
When compared with the common soils composition, the bauxite residue elemental composition is largely different, mainly from the point of view of macro and mezzo nutrient contents (N, P and K, as well as soluble Ca and soluble Mg) ( Table 2, 3) .
The heavy metals measured concentrations are in good agreement with other refineries data (Table 4) . Notably, the Romanian bauxite residues type 1 and type 2 do not contain arsenic and mercury, and the cadmium, nickel and lead were found at substantial lower concentrations. Chromium concentration should be cautiously ascertained, because our previous data have shown the leachable parts of chromium are decreasing under the accep Table standards, as far as the pH drops toward the usual values found in normal soils [13, 14] . Total soluble salt content found in the composition of bauxite residue type 2 was 1525/1836 mg per 100 g dry material (Table 5 ). This value is 18 times higher than the limit of 100 mg soluble salts per 100 g soil, accepted as minimum value from which the soil salinity begins to damage plant growth processes (Table 5) . Expected prevalence of CO 3 (2-) and Na (1+) ions in the soluble salt content, mainly as Na 2 CO 3 (Table 6 ), was obviously recorded [8, 9] . This gives Total content = 100 % For alumina refineries, an advanced technology for sodium removal from bauxite residue is a problem of efficiency and production costs. In any future plan this technology could be reconsidered as feasible in the alumina refineries, not only as a problem of materials consumption optimization, but also as a way to improve bauxite residue quality for its further processing to some secondary products.
According to the bauxite residue agrochemical composition and properties, the non-processed material could not be used for any agricultural purpose (Table 7 , 8), due to the low content in macronutrients (nitrogen, phosphorus and potassium) and organic carbon (Table 7) , as well as due to the poor agrochemical properties ( Tables 3, 7) . Its content in organic matter and organic carbon is high, but the content in total nitrogen is low (Tables 3, 7 ). The mobile nitrogen as nitrate is high, close to the upper limits usually found in horticultural soils. Also, the supply with hydro-soluble phosphorus is medium for organic composts, but the supply with potassium is very high (Table 7) .
Some reserves in ionic calcium and magnesium can be seen in the Table 3 . Calcium reserves were found at the same level as in bauxite residue and magnesium reserves, at the same level as in Albota acid soil. Both bauxite residue and organic compost are carrying important quantities of soluble salts and heavy metals (Table 4) .
Component 3. Mineral fertilizers.
It should be noted that the organic compost could help to control the soil quality, but it does nothing to feed the crops. For inducing a standard medium fertility in the reshaped soil, according to this experiment, it is all-important to bring in the reshaped soil mineral fertilizers, able to deliver significant quantities of nitrogen, phosphorus and potassium without any significant interference with the soil chemical composition. The best choice of mineral fertilization was a mixture of ammonium nitrate and potassium hydrogen phosphate with formula N 120 P 60 K 40 (i.e. 120, 60 and 40 kg/ha). Full solubility of this formula supplies the reshaped soil with the same macronutrients missing from bauxite residue, organic compost and Albota acid soil. Moreover, most parts from these macronutrients are assimilated or lost, leaving behind little quantities of nitrogen, phosphorus and potassium, which are enriching the soil quality after the crop harvesting. Tables 2, 4 and 9. As illustrated in Table 3 , the Albota acid soil is a very low fertility soil, missing large reserves of maconuterients and mezzonutrients. Also, this soil is carrying significant concentations of cobalt, chromium, manganese and zinc. The Albota albic luvosoil is a typical acid soil with moderate pH, controlled by its low to medium bases saturation (V Ah ), specific for oligo-mezo-basic soils. Its medium hydrolytic acidity (Ah) and low trophic level are due to its poor content in exchangeable bases (SB), humus, total nitrogen (Nt), nitric nitrogen (N-NO3), mobile phosphorus (P AL ,) and mobile potassium (K AL ,) ( Table 9 ). All data are in good with the reference literature [15] [16] [17] [18] [19] . For better understanding the nature a Albota luvosoil soils, in the Table 3 there is presented the chemical composition of two types of cernozem from Romania [21, 22] .
Due to its well known particularities, the Albota albic luvosoil from Albota (Arges) Romania was considered a representative acid soil to be remediated according to the proposed technology. All main components (bauxite residue, organic compost and Albota acidic soil) are carrying important quantities of soluble salts and heavy metals (Table 4) . Thus, the careful formulation of the deep reshaped soils composition had to reach two main targets: a) alleviation of these compounds effect on the reshaped soil quality and b) preservation of the plants health and the crop quality during experiment.
Experimental set up
The The applied analytical methods were the well known ISO European methods. All analytical data were statistically calculated using statistical parameters and variance analysis. For the interpretation of the D -Soil layer depth, cm; SB -Total exchangeble bases, meq/100 g; A h -Medium bases saturation, meq/100 g; V Ah -Degree of saturation with bases, %; N t -total nitrogen, %; N-NO 3 -nitric nitrogen, %; Hum -Humus, %; P t -Total phosphorus, %;P ALPhosphorus ionic mobility, mg/kg; K AL -Potassium ionic mobility, mg·kg.
obtained data there was used the current methodology practiced by INCDPAPM-ICPA Bucharest, based on the papers [23, 24] .
Results
Chemical analysis and properties of the soil from experimental variants
Analytical data on the soil chemistry in the experimental variants are given in Table 11 . From this Table, it can be seen that the reaction of Albota on-amended soil is moderately acid (pH(H 2 O) = 5.1).
By amending this soil with regular doses of bauxite residue, organic compost and mineral fertilizers (Table 11) , the soil pH is proportionally rising up till level of the low basic soils. Also, by amending the regular doses of bauxite residue, organic compost and mineral fertilizers according the Table 10 , a lot of changes were yielded in soil chemistry, as well as in its agrochemical properties (Table 11, 12) .
Roughly, beside the pH raise to a slightly alkaline reaction, the amendments have improved the content of organic C and total N and, at moderate doses of organic compost, there has been raised the mobility of ions P and K, too. Thus, the total exchangeable bases (SB), degree of bases saturation (V Ah , %) and the total capacity of cationic exchange were substantially raised, and the hydrolytic acidity recorded earnest diminutions (Table 11, 12) . Moreover, the total soluble salts content (TSS) dropped below the critical level of 100 mg/100 g (Table 11 ).
After harvesting, the soils have preserved some of the acquired changes in their properties, due to the applied amendments. Composition and agrochemical properties of the depleted soil after harvesting are given in the Table 13 . Content of the heavy metals including micronutrients in the studied soils (variants) is given in the Table 14 . According to these data, the amendments have properly balanced the heavy metal content of all the tested soils (variants), raising evidently quality of the remediated Albota acid soils. The values in the Table 14 are in good agreement with heavy metal content in the usual soils.
Crop measurements during the vegetative growth stages and harvest characterization
There were measured the following parameters of the plants organs: the plant waist, the leaves weight, the stems weight, the roots weight, the husks weight, and the cobs and grains weight. Also, there were determined the content in macronutrients and micronutrients in the maize leaves and grains.
The results were presented in Fig. 1-6 .
The plant waists were constantly growing in all variants and the amendment and fertilization effects are evident since the early stages, until the final harvesting (Fig. 1) . The control variants (V1-V3) are far behind in growth against the amended ones, in all the stages without exceptions. The differences between control variants 2 and 3 (amended with organic compost) and variant 4 (amended with organic compost and bauxite residue) are clear proofs of the bauxite residue contribution in all the stages, due to the favorable changes in pH and improvements in the soil agrochemical properties. The increased share of amendments in soil composition (variant 4 and variant 5) raises proportionally the effect on plants waist growth rate. The growth step up is stronger in the first stages and slowed down in the last stages, when the plant turgor decays. All the data are statistically sustained (Fig. 1) .
The amendments and fertilization effect on the weight of maize plant organs is selective and some particularly patterns may be seen for each plant part. The strongest effect is visible on cobs and grains, where yields are almost double than in variants 1-3 (Fig. 2) . It seems the mass distribution between the plants organs is not dependent on nutrition level (in the variants 3 and 4 received the same quantities of nutrients with the organic compost), but rather it is dependent on a specified soil pH threshold. This 
There were measured the following parameters of the plants organs: the plant waist, the leaves weight, the stems weight, the roots weight, the husks weight, and the cobs and grains weight.
Also, there were determined the content in macronutrients and micronutrients in the maize leaves and grains. The results were presented in Fig. 1 -6 . The plant waists were constantly growing in all variants and the amendment and fertilization effects are evident since the early stages, until the final harvesting (Fig. 1) . The control variants (V1 -V3) are far behind in growth against the amended ones, in all the stages without exceptions.
The differences between control variants 2 and 3 (amended with organic compost) and variant 4
(amended with organic compost and bauxite residue) are clear proofs of the bauxite residue contribution in all the stages, due to the favorable changes in pH and improvements in the soil agrochemical properties. The increased share of amendments in soil composition (variant 4 and threshold was naturally reached, because the pH varies from lower value up to the neutral values as a contribution of the bauxite residue adding in soil, which make the difference between the variant 3 and variant 4. Once this threshold has been passed, each part of the plant increases after its own pattern in variants 4, 5 and 6. In terms of mass growth, every part of the plant has its share. Roots and husks impart the lowest shares. The other plant parts shares are increasing with a rate of about 30%, from the roots to leaves, stems, and to cobs and grains. The highest share belongs to cobs and grains. The increase in all amendment contributions do not change the ratios between plant organs growth shares, but change the size of their shares. Some decreases in plant mass at the highest content of bauxite residue in soil (variant 6) are visible in all the plant organs, excepting the cobs and grains (Fig. 2) .
Even if by the planning of experiments, the macro-nutrients supplies were varied from control variants (variants 1-3) to variants 4-6, their effects seems to be discriminatory perceptible at the level of leaves. Nitrogen variation in leaves against the concentration of nitrogen in soil is rather slim, even the ratios of nitrogen/acid soil are increasing from variant 1 to variant 6. Moreover, the measured concentrations of nitrogen in leaves are far away from the expected minimum normal content. The high demand of nitrogen for rehabilitation of poor and acid soils is well known. The bauxite residue application as an adjuvant could not solve the problem, but it can ease this demand (Fig. 3) . Phosphorus level in leaves is closer to the normal content, but its concentration decreases evidently and significantly, as the bauxite residue concentration in soil is increasing from variant 4 (phosphorus content is equal with normal concentration in the maize leaves) to variant 6. Potassium effect (exceeding in concentration and mobility in soil) is visible, and in the particular instance of variants 4-6, its concentration is raising up to the normal values for maize. The same conclusion is valid for calcium, due to its exceeding concentrations even in the control samples. Magnesium has a different behavior. It is certitude that the magnesium is collected from soil, because the bauxite residue content is increasing from the variant 4 till the variant 6 (as other authors have noticed [15] ).
A little jump in the sodium content at the highest concentration of bauxite residue in soil is not unexpected, but this is not a bothering problem (Fig. 3) .
variant 5) raises proportionally the effect on plants waist growth rate. The growth step up is stronger in the first stages and slowed down in the last stages, when the plant turgor decays. All the data are statistically sustained (Fig. 1) .
The amendments and fertilization effect on the weight of maize plant organs is selective and some particularly patterns may be seen for each plant part. The strongest effect is visible on cobs and grains, where yields are almost double than in variants 1-3 ( Even if by the planning of experiments, the macro-nutrients supplies were varied from control variants (variants 1-3) to variants 4-6, their effects seems to be discriminatory perceptible at the level of leaves. Nitrogen variation in leaves against the concentration of nitrogen in soil is rather Fig. 2 . The Albota albic luvosoil amendment and fertilization effect on the maize mass plant organs (g) after harvesting
In the Fig. 4 there was presented the data on copper, iron, manganese and zinc in the maize leaves.
The measured concentrations are not usual, at least for manganese. The zinc and copper concentrations are normal, but the iron concentration is slightly higher. Most of these micronutrients are coming from the acid soil in any variants.
Roughly, the use of bauxite residue in acid soils rehabilitation programs does not introduce any critical problem concerning the heavy metals. The same conclusion is valid for the content of cadmium and chromium. Actually, the basic dowry in cadmium and chromium in the maize leaves comes from acidic soils (not presented in the Fig. 4 ).
The macronutrients status in maize grains is quite normal (Fig. 5) . The bauxite residue and its increased dosage in variants 4-6 do not change the status of NPK macronutrients. Short nitrogen increases in variants 4-6 is a proof the bauxite residue does not cut off the availability of this element or its accumulation in grains. The same conclusion is valid for potassium. Phosphorus status is a little different. Actually, its availability is affected by the large dosages of bauxite residue, and this explains Fig. 3 . The Albota Albic luvosoil amendment and fertilization effect on the macronutrients in maize leaves slim, even the ratios of nitrogen/acid soil are increasing from variant 1 to variant 6. Moreover, the measured concentrations of nitrogen in leaves are far away from the expected minimum normal content. The high demand of nitrogen for rehabilitation of poor and acid soils is well known. The bauxite residue application as an adjuvant could not solve the problem, but it can ease this demand (Fig. 3) . Phosphorus level in leaves is closer to the normal content, but its concentration decreases evidently and significantly, as the bauxite residue concentration in soil is increasing from variant 4 (phosphorus content is equal with normal concentration in the maize leaves) to variant 6. Potassium effect (exceeding in concentration and mobility in soil) is visible, and in the particular instance of variants 4-6, its concentration is raising up to the normal values for maize. The same conclusion is valid for calcium, due to its exceeding concentrations even in the control samples. Magnesium has a different behavior. It is certitude that the magnesium is collected from soil, because the bauxite residue content is increasing from the variant 4 till the variant 6 (as other authors have noticed [15] ).
A little jump in the sodium content at the highest concentration of bauxite residue in soil is not unexpected, but this is not a bothering problem (Fig. 3) . and their variation does not bring in no any meaningful conclusion (Fig. 6 ).
Conclusions
A new way for remediation of the Albota luvosoil type acid soils was investigated by reshaping of the soil chemical composition and its agrochemical properties, using the bauxite residue as adjuvant for the pH control, organic compost as source of organic carbon and adjuvant for the agrochemical properties control and NPK mineral fertilizers as source of main macronutrients; b) By amending of the Albota luvosoil type acid soils with bauxite residue doses of 15, 30 and 75 t/ha, organic compost doses of 40 and 80 t/ha and mineral fertilizers at doses of 120 Kg N/ha + 60 Kg P 2 O 5 /ha + 40 Kg/ha K 2 O, the surface reshaped layer of acid soil acquired 1.5-2.2 units higher in pH, significant increases in organic Roughly, the use of bauxite residue in acid soils rehabilitation programs does not introduce any critical problem concerning the heavy metals. The same conclusion is valid for the content of cadmium and chromium. Actually, the basic dowry in cadmium and chromium in the maize leaves comes from acidic soils (not presented in the Fig. 4) . The macronutrients status in maize grains is quite normal (Fig. 5) . The bauxite residue and its increased dosage in variants 4-6 do not change the status of NPK macronutrients. Short nitrogen increases in variants 4-6 is a proof the bauxite residue does not cut off the availability of this element or its accumulation in grains. The same conclusion is valid for potassium. Phosphorus status is a little different. Actually, its availability is affected by the large dosages of bauxite residue, and this explains its diminishing concentrations in grains. The concentrations of calcium, magnesium and sodium are very low in grains, at least 10-15 times less than those of the main macronutrients (Fig. 5) .
The variation of micronutrient concentrations in maize grains is not unusual. Bauxite residue, as adjuvant in the remediation of acid soils, lessens the iron concentration in grains, comparing with control samples (V1 -V3). Manganese and zinc concentrations are normal. The other microelement concentrations, like cadmium, cobalt, chromium, copper, nickel and lead, have insignificant values and their variation does not bring in no any meaningful conclusion (Fig. 6 ).
A new way for remediation of the Albota luvosoil type acid soils was investigated by reshaping of the soil chemical composition and its agrochemical properties, using the bauxite residue as adjuvant for the pH control, organic compost as source of organic carbon and adjuvant
